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Summary
Introduction: Valgus tibial osteotomy (VTO) is a well-known procedure for the treatment
of medial compartment femoro-tibial osteoarthritis. Good and very good results have been
reported with calcium phosphate wedges, which avoid the inconveniences of autologous grafts
use. The hypothesis of this study is that with equivalent results in the treatment of osteoarthritis
of the knee, the use of calcium phosphate wedges (BMCaPh) to ﬁll the bone defect created by
osteotomy would result in fewer speciﬁc complications and less pain associated with autologous
grafts (AUTO) harvesting.
Patients and methods: This prospective, controlled, randomised study included one arm that
received a macroporous, biphasic calcium phosphate wedge (BMCaPh group) and one arm that
received an autologous tricortical graft (AUTO group) for ﬁlling. The same plate with locked
screws was used for ﬁxation in all cases. All patients underwent at least two years of clinical
and radiographic post-operative follow-up.
Results: Forty patients were included. Loss of correction occurred in six of the twenty-two
patients in the BMCaPh group (27%), resulting in three early surgical revisions, compared to
one loss of correction in the AUTO group. Lateral cortical hinge tears were a risk factor for
loss of correction for the entire cohort and in the BMCaPh group. (relative risk 13.3 [1.9—92].
Moreover, union took signiﬁcantly longer and pain lasted signiﬁcantly longer in the BMCaPh
group, although results were comparable at 6months.
Discussion: A signiﬁcant number of undesirable events (loss of correction) occurred in this study,
limiting the number of included patients. Nevertheless, the results show that although there
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was no difference in the two groups for overall complications, number of revisions all causes
combined, or clinical results, ﬁlling with BMCaPh was less tolerated and increased the risk of loss
of correction when local mechanical conditions of the knee were unfavourable (lateral cortical
hinge tears). Moreover, although it is not possible to draw a conclusion because of methodology
bias in this study, early weight-bearing resumption on the knee also seemed to favour these
complications.
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ntroduction
algus tibial osteotomy is a well-known treatment for cer-
ain forms of femorotibial osteoarthrites of the medial
ompartment. The risk of valgus proximal closing wedge
steotomy is injuring the ﬁbular nerve and less pre-
ise correction, prompting certain authors to use valgus
edial opening wedge osteotomy [1,2]: this technique has
he advantages of being a single osteotomy (no ﬁbular
steotomy), of providing more precise correction of varus
ngle, and of being less difﬁcult if total knee arthroplasty
ust be performed [2,3,4].
Except for Lobenhoffer and Agneskirchner [5] who feel
hat it is not necessary to ﬁll the bone defect created by
steotomy and that a plate is sufﬁcient if there are no bio-
ogical bone anomalies, other groups have used several types
f bone substitutes. Although autologous grafts are the ref-
rence technique [6], xenografts [7], acrylic cement [8] and
eramic wedges [9] have all been used, and each has speciﬁc
nconveniences.
To our knowledge, there are no controlled studies com-
aring the results of autologous graft and calcium phosphate
eramics as bone substitutes in valgus tibial osteotomy.
wo studies have been published in the Anglo Saxon lit-
rature [10,11]. The ﬁrst reports very good clinical and
adiographic results after 6.6 years of follow-up with a
ydroxyapatite wedge associated with a ﬁbular autologous
one graft (wedge). The second reports radiographic results
f ﬁlling with tricalcium phosphate granules. Three retro-
pective studies have been published in the French literature
ith excellent radiographic and clinical results and no spe-
iﬁc complications [12,13,14].
We have been using macroporous calcium phosphate
eramics for more than 10 years in our department with
atisfactory clinical results [15,16,17]. The hypothesis of
his study was that short term clinical and radiographic
esults would be similar with macroporous biphasic cal-
ium phosphate ceramic wedges and autologous grafts for
he treatment of femoro-tibial osteoarthritis, while speciﬁc
omplications and post-operative pain would be more fre-
uent with autologous grafts.
atients and methods
atientsrom September 1999 to March 2003, 40 patients (40 knees)
ere treated with a valgus proximal opening wedge tibial
steotomy (VTO) and included in this prospective random-
zed study. The average follow-up was 45± 21 months (range
t
1
s
3pective randomized study.
rights reserved.
4—66months), and none of the patients were lost to follow-
p.
Patients between 18—75 years old, with an indication
or VTO (medial single compartment osteoarthritis, lateral
nstability of the knee, post-traumatic genu varum) were
nrolled in this study and included after providing informed
onsent. This study was approved by the CPP Ouest IV (Com-
ittee for the Protection of Persons) and the ofﬁce for
linical research at our university hospital facility. Patients
resenting with a history of infection, radiation therapy or
emoropatellar osteoarthritis were excluded from the study.
re-operative evaluation and planning
ain was evaluated with a visual analogic scale (VAS pain,
o pain = 0, the most intense imaginable pain = 10). Func-
ional difﬁculties were evaluated with a VAS of 100mm.
he clinical evaluation was based on the Knee Society score
IKS) [18]. All patients had frontal and proﬁle plain X-rays,
0◦ tangential views and stress X-rays. The extent of radio-
raphic osteoarthritis was evaluated with the Ahlback [19]
lassiﬁcation. Frontal weight-bearing X-rays (Schuss view)
ompleted the analysis of osteoarthritis. The mechanical
KA angle of the legs was measured on standing leg X-rays.
The aim of surgery was to obtain an HKA angle of between
82—186◦ (post-operative valgus 2—6◦). The height of the
pening was calculated by the Slocum, Larson and James
20] graphic method and Hernigou and Goutallier [21] tables.
andomization/surgery
andomization was performed in the operating room after
he osteotomy had been performed and was determined
y random allotment to the autologous graft (AUTO) or
eramic wedge (BMCaPh) groups. The osteotomy opening in
he patients in the AUTO group was ﬁlled with a tricorti-
al graft harvested from the homolateral iliac crest. The
steotomy opening in the patients in the BMCaPh group was
lled with a ceramic wedge mixed with 2ml of autologous
one marrow harvested percutaneously from the homolat-
ral iliac crest. The macroporous biphasic ceramic wedges
BMCaPh) were composed of 60% pure synthetic hydrox-
apatite Ca10(PO4)6(OH)2 and 40% pure beta tricalcium
hosphate Ca3(P04)2 (Fournitures hospitalières industrie,
eimsbrunn, France) sintered at 1200 ◦C. The implants were
ormed into wedges with four dimensions: 40mm long, 3mm
hick ends, 20—30mm wide and wedge heights of, 6,8,10 and
2mm. (Non-commercial wedges specially designed for this
tudy). Macroporosity was 75—80% and pore diameter was
00—500m. Resistance to pressure was 1—5Mpa.
amic spacer versus autologous bonegraft 639
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All osteotomies were ﬁxed with the same plate with
locked screws (SurﬁxR).
Post-operative follow-up
Knee movement and muscular exercises began on the sec-
ond day after surgery. Weight was applied depending on the
amount of post-operative pain and left up to the discretion
of the surgeon for the ﬁrst 6weeks. It was complete by D45.
Post-operative follow-up
All patients were seen for a follow-up consultation at
6weeks and 3, 6, 12 and 24months after surgery, and exam-
ined at the last follow-up visit by an examiner who was
not the operating surgeon. Pre- and post-operative pain was
evaluated on the VAS. All incidents and complications were
recorded. The duration of surgery and hospitalization were
noted, and the IKS score and functional VAS were calculated
at each follow-up consultation.
All patients had control X-rays at each follow-up consul-
tation. A loss of correction was deﬁned as displacement of
the osteotomy before union or if the HKA angle decreased
by 3◦ or more on standing leg X-rays.
Bone consolidation, remodelling, and incorporation of
the ceramic bone substitute were evaluated according to
GESTO criteria [22] by two independent surgeons.
The osteotomy was considered to be solid when the fol-
lowing criteria were fulﬁlled:
• disappearance of the line of condensation on the edge of
the substitute material with continuity between the bone
and the substitute (along more than 75% of the frontal and
proﬁle interface);
• development of a bone callus on the medial edge of the
ﬁlled bone defect.
Statistical analysis
The quantitative data were compared with the Student t
test, the qualitative data with the Chi2 test modiﬁed by the
Fischer test. The inﬂuence of the type of bone substitute
(AUTO or BMCaPh) was studied for each of the post-operative
parameters. A difference of p > 0.05 was considered to be
signiﬁcant. A provisional inclusion of 40 patients in each arm
was decided based on similar results for osteotomy in terms
of union and correction, but with a reduction in pain and
complications link to harvesting of the graft to reach a power
of 80% (Beta risk 0.2). The statistical tests were performed
with JMPR 7.01 software.
Results
The results are summarized in Table 1.Patients included in the study
Forty patients were included in this study: 22 (15 men and
seven women) received BMCaPh as a bone substitute and
u
a
r
n
digure 1 Evaluation of pain by VAS at different post-operative
ollow-up visits. The patients in the calcium phosphate wedges
roup had signiﬁcantly more pain at 3 months. * (p = 0.04).
8 AUTO (11 men and seven women). Because of the unex-
ectedly high incidence of patients with loss of correction
cf. infra), the study was discontinued after 40 inclusions
more than 80 had been initially planned). The mean age
as 51 years old (10—75 years old), the mean body mass
ndex was 29.5 including 50% with moderate, severe or mor-
id obesity. Fifty two percent of the patients had a physical
ob or practiced sports regularly. Fifty percent of patients
ad undergone a homolateral meniscectomy, 32% had no his-
ory of knee surgery and 25% presented with osteoarthritis
f the contralateral knee. There was no difference between
he two groups.
urgical indication
n the AUTO group, 15 out of 18 patients presented
ith medial femorotibial osteoarthritis on varus knee, one
atient presented with a varus malformation on proximal
ibial fracture malunion and two patients presented with
hronic knee instability.
In the BMCaPh group, 20 out of 22 patients presented
ith medial osteoarthritis of the knee, one patient with
hronic instability and one patient presented with sequela
rom osteochondritis dissecans for which mosaicplasty had
ailed. There was no difference between the two groups.
urgical procedure
he mean opening was 10mm in the two groups (6—15mm).
he mean duration of surgery was 49.3min in the BMCaPh
roup and 53. 5min in the AUTO group with no signiﬁcant
ifference between the groups.
linical results
nee pain
etween the pre-operative evaluation and the ﬁnal follow-
p, knee pain had improved and decreased by a mean 3.3
nd three points on the VAS in the BMCaPh and AUTO groups
espectively. The patients in the BMCaPh group had sig-
iﬁcantly more pain 3months (p = 0.04) after surgery; this
ifference had disappeared at 6 months (Fig. 1).
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Table 1 Local progression of Hip Knee Ankle (HKA) angle and surgical revisions according to type of substitute use.
Patients Age Weight Filling Pre-op
HKA
M3 HKA HKA ﬁnal
follow-up
Lateral
cortex
Post-operative course
1 43 117 BMCaPh W 173 184 184 0
2 44 85 BMCaPh W 179 181 ND tear Revision M5 for loss of
correction and pseudarthrosis
3 60 94 BMCaPh W 175 184 184 0
4 51 95 BMCaPh W 176 176 ND tear Revision M5 for loss of
correction and pseudarthrosis
5 55 86 BMCaPh W 175 184 184 0
6 54 82 BMCaPh W 175 180 179 tear Early loss of correction
7 40 80 BMCaPh W 175 182 182 tear 0
8 61 86 BMCaPh W 175 185 180 Loss of correction after
removal of plate M12
9 56 70 BMCaPh W 175 185 185 0
10 51 110 BMCaPh W 172 182 182 0
11 46 87 BMCaPh W 180 182 182 0
12 49 77 BMCaPh W 177 184 183 0
13 66 81 BMCaPh W 172 184 184 0
14 50 80 BMCaPh W 178 185 185 0
15 58 62 BMCaPh W 174 180 177 tear Loss of correction
16 50 90 BMCaPh W 177 182 182 0
17 26 69 BMCaPh W 168 180 180 Revision for abscess on plate
D45 and plate removal D90
18 51 105 BMCaPh W 175 184 181 tear Revision M17 for loss of
correction and pseudarthrosis
19 29 85 BMCaPh W 174 180 180 0
20 65 87 BMCaPh W 176 180 188 Revision for infected
hematoma D21
21 60 84 BMCaPh W 170 182 182 0
22 61 86 BMCaPh W 174 180 180 0
23 75 74 AUTO 172 180 180 0
24 67 80 AUTO 175 184 184 Tear 0
25 56 65 AUTO 169 184 184 Tear 0
26 53 76 AUTO 175 184 183 0
27 51 110 AUTO 175 181 180 Revision for painful
calciﬁcation of the iliac crest
28 63 100 AUTO 174 180 180 Revision for abscess of the iliac
crest
29 52 64 AUTO 175 185 185 Tear 0
30 19 67 AUTO 178 186 187 Revision for infected
hematoma of the iliac crest
31 49 62 AUTO 175 182 182 0
32 40 55 AUTO 175 183 183 0
33 48 80 AUTO 180 184 184 0
34 46 63 AUTO 169 186 184 0
35 58 70 AUTO 174 ND 190 0
36 45 82 AUTO 179 185 181 Tear Loss of correction before M12
37 33 90 AUTO 172 178 179 0
38 63 104 AUTO 177 183 183 0
39 42 98 AUTO 176 183 180 0
40 61 100 AUTO 178 184 184 0
ceram
K
A
b
rBMCaPh W=ﬁlling with biphasic macroporous calcium phosphate
M=month.nee function
t the last follow-up knee function on the VAS had improved
y a mean 3.5 and 2.5 points in the BMCaPh and AUTO groups
espectively. This difference was not signiﬁcant (Fig. 2).
K
T
t
gic wedge, AUTO=ﬁlling by tricortical autologous graft, D = day,nee Society score
he mean improvement in IKS knee scores and IKS func-
ion was respectively 20.3 and 14.6 points for the BMCaPh
roup and 21.2 and 18.3 points for the AUTO group. IKS func-
Open wedge high tibial osteotomies: Calcium-phosphate ceramic spacer versus autologous bonegraft 641
Figure 2 Evaluation of knee function by VAS at different
post-operative follow-up visits. No difference between the two
groups.
Figure 3 IKS knee score at the different post-operative
Figure 4 IKS function score at different post-operative
follow-up visits. This score was signiﬁcantly lower in the calcium
phosphate wedges group at 3 months. * (p = 0.017).
F
v
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A
v
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Radiographic resultsfollow-up visits. No signiﬁcant difference between the two
groups.
tion was statistically lower in the BMCaPh group 3months
after surgery (p = 0.017), and gradually improved over time
(Figs. 3—6).
Iliac crest pain
This pain disappeared rapidly. At the last follow up one
patient presented with a pain level of 4 on the VAS, and
three patients had a pain level of 1 on the VAS (Fig. 5).
L
o
Figure 6 a: post-operative X-rays of a proximal opening tibial ost
ceramic wedge; b: painful knee with loss of correction at 3 monthsigure 5 Iliac crest pain at different post-operative follow-up
isits.
ubjective results
t the last follow-up, 80% of the patients were satisﬁed or
ery satisﬁed with surgery and there was no signiﬁcant dif-
erence between the two groups. At the last follow-up, the
ubjective results were correlated with knee function and
nee pain on the VAS (p = 0.036 and p < 0.01).oss of correction and the lateral cortical hinge tears six
ut of 22 patients (27%) in the BMCaPh group had a loss of
eotomy ﬁlled with a biphasic macroporous calcium phosphate
associated with a lateral cortical hinge tear.
642 F. Gouin et al.
F with a biphasic macroporous calcium phosphate ceramic wedge.
a healing with a (line) of less than 50%; c: 18 month post-operative
f e periphery; d: no loss of correction after removal of the plate.
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Digure 7 X-ray of a proximal opening tibial osteotomy ﬁlled
: post-operative X-ray; b: post-operative control at 3 months:
ollow-up. Excellent clinical results and bone union of the entir
orrection (≥ 3◦) requiring surgical revision in three cases
by autologous graft) (Fig. 6). All of these complications
ccurred within 6 months after surgery. One patient who
resented with persistent pain on the medial side of the
nee had the plate removed at 6 months. Loss of cor-
ection developed after this procedure, showing that the
steotomy had not healed. In the AUTO group, loss of cor-
ection occurred in one patient. This difference was not
igniﬁcant, but there was a strong tendency towards loss
f correction in the BMCaPh group (p = 0.1).
In the BMCaPh group a lateral cortical hinge tear occurred
n six out of 22 patients (27%) resulting in ﬁve cases of loss
f correction, while the lateral hinge was torn in four out
f 18 cases in the AUTO group (22%) resulting in one case of
oss of correction.
In the BMCaPh group a lateral cortical hinge tear was
signiﬁcant risk factor (p = 0.001) for loss of correction
relative risk 13.3 [1.9—92]). A lateral cortical hinge tear
ccurred in a total of 10 patients and six of them presented
ith a loss of correction, while in the 30 patients without a
ateral cortical hinge tear, loss of correction only developed
n one. A lateral cortical hinge tear was signiﬁcantly associ-
ted with a loss of correction (p = 0.0003) relative risk 43.5
4.1—461]).
No difference was found between pre- and post-operative
ibial slope measurements in any of the groups.
one union
nion occurred in all patients except for the three cases of
evision surgery for loss of correction, whatever the bone
ubstitute. When an autologous graft was used to ﬁll the
one defect created by osteotomy, union occurred within
mean 2.6 months (45 days—6 months). When the BMCaPh
eramic was used union occurred within a mean 5.8 months
45 days—16 months) (p = 0.001) (Fig. 7).
ncorporation of calcium phosphate wedges bone
ubstitute
-rays performed during the ﬁnal follow-up showed only
artial incorporation of the BMCaPh wedge. Even 5
ears later the material was still visible on the AP
-rays.
T
m
b
(igure 8 Post-operative complications listed for each group
f patients. The total is above 100% because certain patients
ave several complications.
omplications
ll complications, even minor (Fig. 8) were recorded. Thus,
ne patient who presented with a hematoma, loss of cor-
ection and who underwent revision surgery was recorded
hree times, as ‘‘complications linked to bone substitute’’,
‘loss of correction’’ and ‘‘revision’’.
There was no signiﬁcant difference between the two
roups for complications.
Finally in the BMCaPh group, ﬁve patients underwent
evision surgery, three for loss of correction and two for an
nfection. Three patients underwent revision surgery in the
UTO group: one for a painful calciﬁcation of the iliac crest,
ne for an infection of the crest and one for a tibial infec-
ion. There was no signiﬁcant difference in the number of
urgical revisions between the two groups.
iscussionhis study is based on the short-term results of proxi-
al opening tibial osteotomy and comparing ﬁlling of the
one defect with a biphasic macroporous ceramic wedge
BMCaPh) and an autologous tricortical graft (AUTO). Loss of
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correction was more frequent in the (BMCaPh) group than
in the (AUTO) group. The presence of lateral cortical hinge
tears signiﬁcantly increased the risk of loss of correction
in the entire series and in the BMCaPh group (but not in
the AUTO group). The functional IKS score was signiﬁcantly
lower and there was signiﬁcantly more pain 3 months after
surgery in the BMCaPh group, but not in the later follow-
up period, while time to union was signiﬁcantly longer with
BMCaPh as a bone substitute. However, after 2 years of
follow-up, the rate of complications and revision surgery was
not different between the groups.
Randomized controlled studies on synthetic bone substi-
tutes are rare, and to our knowledge, there are no studies
on VTO. This study has several limitations: the number of
cases is limited and the group is smaller than was initially
planned due to the number of patients with loss of cor-
rection in the BMCaPh group. This reduced the statistical
power of the study. Most of the patients included in the
study were treated in a university hospital department and
the reproducibility of the surgical technique is probably less
good than if only one surgeon had performed the opera-
tions for the study. Moreover, the delay until full weight was
placed on the knee varied during the ﬁrst year of inclusion.
These two factors undoubtedly inﬂuenced the comparative
results of these two types of bone substitute for osteotomy.
Despite this, there were signiﬁcant differences between the
BMCaPh and the AUTO control groups. The follow-up is short
but since the initial hypothesis was that the use of autolo-
gous grafts would result in more pain and complications from
the harvesting than BMCaPh for the same local results in the
knee, a follow-up of two years was enough to measure these
elements. Indeed, long-term results of VTO in the treat-
ment of femorotibial osteoarthrites of the knee have been
well documented in the literature [1,18,23,24,25], thus only
short-term follow-up was necessary to reach the goal of the
study.
This study used a wedge shaped macroporous biphasic
ceramic (hydroxapatite/ tricalcalcium phosphate). These
wedges have been shown to be feasible as a bone substitute
in previous studies [15,16]. These two compounds, (hydrox-
apatite and  tricalcium phosphate) are bioactive ceramics
that bond to bone with no interposition of tissue.  tri-
calcium phosphate dissolves rapidly after implantation and
cancellous bone replaces the material. In vivo hydroxap-
atite is more stable in the long term and dissolves much
more slowly; it bonds to bone by apatitic chemical bridges
[26]. The interest of these biphasic compounds is to provide
the reactivity of the ﬁrst and the stability of the second
in appropriate proportions. The high macroporosity of this
compound (100—400) is also an important parameter to
facilitate bone growth [27,28]. On the other hand, this type
of compound has low mechanical strength. However in an
animal model of implantation Trécant et al. [29] showed
that 3weeks after implantation bone growth improves the
mechanical characteristics of this compound, increasing
compressive strength by 2.5 times. For this reason, we used
a metal plate with locked screws for maximum rigidity of
the osteotomy and to prevent post-operative compression.
Despite this type of ﬁxation, six patients (22%) in the BMCaPh
group had an angular loss of correction compared to one
patient in the AUTO group. These results are different from
most studies in the literature, although numerous parame-
i
m
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ers make comparison difﬁcult [10,11,12,13,14,30]. Lavalle
t al. [14] used a technique which was very similar to ours
ith a metal plate and locked screws and a similar type
f macroporous biphasic substitute; only one post-operative
oss of correction was reported in the 24 cases in that retro-
pective study. However the difference may be explained by
wo elements: although the same type of wedge was used,
t did not have the same shape— the width of the wedges
n our study was narrower and thus ﬁlled less than those
sed by Lavalle et al. In the Lavalle study radiological eval-
ation of loss of correction was based on standard knee
-rays, while standing leg X-rays were used in our study.
oreover three of their 24 patients were lost to follow-up.
oshino et al. [10] also used a macroporous substitute for
he ﬁlling of osteotomies, and no varus revision surgery was
ecessary in this retrospective study of 21 patients. Fixation
ith two plates was used in that study as well as a ceramic
edge for ﬁlling associated with ceramic granules, ﬁbular
utologous grafts and ‘‘chips’’. The results of Bonnevialle
t al. [12] and Dehoux et al. [13] in two retrospective stud-
es using ‘‘light’’ osteosynthesis were contradictory: both
tudies used microporous  tricalcium phosphate ceramic
edges which are more easily incorporated than hydroxap-
tite but which limit bone growth due to their microporosity.
n the other hand, these wedges have better mechanical
haracteristics than macroporous ceramics, theoretically
imiting the risk of compression. Moreover Dehoux et al.
13] associated the ceramic wedges with ceramic granules
nd autologous ‘‘chips’’. Nevertheless a high rate of loss of
orrection (43%) of an average of 3◦ was reported in this
tudy requiring revision surgery in one patient: ﬁnally 8%
f the patients had a valgus correction of between 3 and 6◦
nd the authors recommend more rigid ﬁxation. Bonnevialle
t al. [12] only reported a loss of correction in one out of
5 patients and two fractures on staple ﬁxations. Finally
xcept for Lavalle et al. [14] all of these authors recom-
end delaying weight bearing. For Lobenhoffer et al. [5],
elaying weight bearing and rigid ﬁxation results in a low
ate of loss of correction (two out of 92), even without a
one substitute for ﬁlling.
Our results for loss of correction are poor compared to
hose in the literature. The post-operative mechanical con-
itions probably favoured these complications. Filling of the
one defect caused by osteotomy was less effective in our
tudy (due to narrow wedge corners) than in other studies
xcept for that of Lobenhoffer et al. [5], and more than
he type of bone substitute (BMCaPh versus AUTO), a lateral
ortical hinge tear was a signiﬁcant risk factor for these
ailures, despite ﬁxation with a rigid plate. This risk fac-
or was also signiﬁcant in the BMCaPh group, indicating that
here is less tolerance to this material than to AUTO in the
resence of unfavorable mechanical conditions. Although
lacing weight on the knee too early may also have been
n aggravating mechanical factor, the methodology of our
tudy makes it impossible to reach this conclusion. We rec-
mmend being careful when indicating this type of ceramic
lling in patients who will not be compliant to weight bear-
ng recommendations.
This procedure has been shown to successfully treat
edial femorotibial osteoarthritis, with pain on the VAS
ecreasing from 5.7 pre-operatively to 2.5 post-operatively
nd functional IKS knee scores increasing from 62.4—70
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re-operatively, 82—86 post-operatively with no difference
etween the BMCaPh and AUTO groups. However clinical
esults and radiological union occurred signiﬁcantly later in
he BMCaPh group than in the AUTO group. To our knowl-
dge, there are no other controlled studies conﬁrming these
esults, although this tendency has been suggested in differ-
nt bone substitute studies [10,11,12,13,14,31].
The lack of clinical difference 6months after surgery sug-
ests that BMCaPh successfully bonds into a mechanically
dapted bone-material composite; however this study does
ot respond to uncertainty about long term results and the
tability of correction after plate removal: only three plates
ere removed before 12months with one case of loss of cor-
ection in the BMCaPh group. The only long term study in the
iterature is the report by Koshino et al. [10], in which the
eramic substitute was combined with an autologous corti-
al graft; there were no reported cases of loss of correction
fter 78.6± 22 months of follow-up. Long-term clinical and
adiographic studies are needed to conﬁrm the stability of
hese results over time.
onclusion
his randomised study compared macroporous biphasic
eramic wedges and autologous grafts, the reference pro-
edure, as bone substitutes for defects caused by tibial
steotomy. Loss of correction was more frequent in the
MCaPh group (27 versus 5%). The presence of lateral cor-
ical hinge tears signiﬁcantly increased the risk of loss
f correction in the BMCaPh group suggesting that this
aterial was less tolerant to high mechanical restraints.
oreover, union took signiﬁcantly longer and the clinical
esults occurred signiﬁcantly later in the BMCaPh group
lthough results for all parameters were the same at 6
onths in the two groups. Although the results with this
one substitute were the same as with autologous grafts,
are should be taken with indications, because of problems
ith mechanical tolerance in the post-operative period,
specially in case of lateral cortical hinge tears, and in
atients who will not comply to weight-bearing recommen-
ations. .
onﬂict of interest
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